Acetyl-CoA:N-hydroxyarylamine O-acetyltransferase is an enzyme involved in the metabolic activation of N-hydroxyarylamines derived from mutagenic and carcinogenic aromatic amines and nitroarenes. The O-acetyltransferase gene of Salmonella typhimurium has been cloned, and new Ames tester substrains highly sensitive to mutagenic aromatic amines and nitroarenes have been established in our laboratory. The nucleotide sequence of the O-acetyltransferase gene was determined.
Introduction
Aromatic amines and nitroarenes, which have been used in many fields and are widely distributed in the environment, are known as environmental hazardous compounds because of their carcinogenicity and mutagenicity (1) (2) (3) (4) . Neither aromatic amines nor nitroarenes interact with DNA per se, but they require metabolic conversion for their mutagenesis (1) (2) (3) (4) . Several activating enzymes, such as arylhydroxamic acid N, 0-acyltransferase (5), and sulfotransferase (6) , have been identified as enzymes responsible for exerting the carcinogenicity of aromatic amines and nitroarenes. AcetylCoA:N-hydroxyarylamine O-acetyltransferase (OAT) also plays an important role in the metabolic activation of N-hydroxyarylamines that are formed by oxidation of aromatic amines or by reduction of nitroarenes (7) (8) (9) . Acetyl-CoA:arylamine N-acetyltransferases (E.C.2.3.1.5) (NAT) of human (9) , hamster (8, 10, 11) , and mouse (12) have OAT activity. Acetylator genotypes of human (13, 14) , rabbit (15) , and hamster (13, 16) strongly influence not only NAT activity but also OAT activity. It is suggested, therefore, that the mammalian OAT is probably the same enzyme as NAT, which plays a major role in the metabolism of drugs and endogenous substances that possess an amine or hydrazine group (17, 18) . Both reactions of N-and 0-acetylation probably proceed through a common intermediate (i.e., an acetyl-cysteinyl-enzyme) (12, (19) (20) (21) . cDNA and/or genomic clones of NATs have been isolated from humans (22) (23) (24) (25) (26) (27) , rabbits (28) (29) (30) (31) , hamsters (32) , mice (33) , and chickens (34) (35) (36) . Acetyltransferase activity is demonstrated not only in the higher organisms but also in bacteria (37) . From Salmonella typhimurium Ames tester strain TA98, an acetyltransferase enzyme has been partially purified and characterized as OAT (38) . The OAT is absent in strain TA98/1,8-DNP6 (38) and plays a key role in the mutagenicity of aromatic amines and nitroarenes (4, 39, 40) .
In this article, we describe the cloning of the S. typhimurium OAT gene (41) . We established new Ames tester substrains highly sensitive to mutagenic aromatic amines and nitroarenes using the doned gene (42) . Substrate specificity and inhibition analysis suggested that the S. typhimurium OAT is a counterpart of NAT of higher organisms. Sequence similarity of both enzymes at the amino acid level suggested that the Cys69 of the S. typhimurium OAT and the corresponding cysteine residues of the NAT of higher organisms are essential for the enzyme activities as an acetyl-CoA binding site (43) . We also proposed a common catalytic mechanism of acetyltransferase for S. typhimurium and higher organisms.
Cloning of the S. typhimurium OAT However, levels of the activity on the transformants depended on organization of the 1.35-kb insert and vectors ( Figure 1B ). For example, the strain having pYG219 showed more than 10 times higher enzyme activity than did the strain having pYG218. is T100 containing pBR322-ApS fYG1029 is TA100 containing pYG219. The plasmid pBR322-ApS is the same as pBR322 but its bla gene is inactivated by deletion between the first Dral site and the third Dral site of pBR322.
A plasmid pYG219, the ampicillin resistance gene of which has been disrupted and can be introduced into Ames tester strains TA98 and TAl00, conferred high activity of OAT (Figure 1 B) and high sensitivity to 2-nitrofluorene on the strain TA1538/1,8-DNP. Thus we introduced pYG219 into TA98 and TAl00, and resulting transformants YG 1024 (=TA98(pYG219)) and YG 1029 (=TA100(pYG219)) were checked for their mutagenic sensitivity to typical N-hydroxyarylamines, aromatic amines, and nitroarenes. YG1024 or YG 1029 showed 3 to 63 times higher sensitivity to all N-hydroxyarylamines, aromatic amines and nitroarenes tested, except for 4-nitroquinoline 1-oxide (Table 1) , than did the conventional strains YG1020 (=TA98(pBR322-Aps)) or YG1025 (= TA100(pBR322-Aps)), respectively. (Figure 3 ). The remaining C-terminal region of the OAT had few similarities with the corresponding region of the NATs, although some similarities were observed at the nucleotide level. (19) and rabbit liver NAT (20) suggest that a cysteine residue reacts with acetylCoA and an activated acetyl-cysteinyl intermediate is formed. Thus, we suggest that a conserved cysteine residue among their :tionally enzymes plays an important role in the catsms and alytic mechanism as an acetyl-CoA-binding .e amino site. The similarity at the amino acid level .st that a between the S. typhimurium OAT and the ght exist NATs of higher organisms was much less cysteine than that of the NATs among the higher tivities. organisms. Hence, it was easy to focus on on liver the highly conserved regions. Among the NATs of higher organisms, three cysteine residues are conserved completely.
However, only one cysteine residue (Cys69 for the OAT, Cys6 for the NATs) was conserved between the S. typhimurium tGe i iYOAT and the NATs of higher organisms typhimurium OAT as shown in Figure 4A . (60) . The catalytic mechanism of these enzymes is probably different from that proposed in Figure 4A .
Future Perspective
We proposed a catalytic model for the S. typhimurium OAT and suggested that this model is applicable for NAT of higher organisms. To examine this model, biochemical and structural analyses of the purified enzyme are important. Hence we have been purifying the S. typhimurium OAT from Escherichia coli cells harboring plasmid pYG221, the cells which overproduced the OAT ( Figure 1B) . Analyses of enzymatic properties of the OAT, such as demonstration of the acetyl-Cys69-enzyme intermediate by using purified enzyme, are currently being undertaken in our laboratory. For X-ray diffraction analysis, we are trying to crystallize the purified OAT. Knowledge about acetyltransferase at the molecular level is rapidly growing. The OAT and NAT are involved in the metabolism of drugs and toxic chemicals. We hope that the new knowledge will also lead to the design of new pharmaceuticals and clinical kits, with possible human health applications.
Conclusions
We have cloned the gene of S. typhimurium OAT and established new strains highly sensitive to mutagenic aromatic amines and nitroarenes. It is suggested that the Cys69 of the S. typhimurium OAT and the corresponding cysteine residues of NAT of higher organisms are essential for the enzyme activities as an acetyl-CoA binding site. We also propose a new catalytic mechanism of acetyltransferase for S. typhimurium and higher organisms.
